The fine structure of Sarcina maxima and S. ventriculi was studied by electron and phase-contrast microscopy. The two organisms differ mainly with respect to their cell surface. A thick cellulose layer present on the cell wall of S. ventriculi was not observed on the surface of S. maxima. Carbon replication indicated that the outer surface of S. ventriculi is rough in contour, probably as the result of the fibrillar nature of the accumulated cellulose. Growth conditions. S. maxima was grown in a medium containing the following per 100 ml of distilled water: glucose and peptone, 1.0 g of each; yeast extract, 0.5 g; and L-cysteine hydrochloride, 0.05 g. The growth medium for S. ventriculi consisted of 2 g each of glucose and yeast extract per 100 ml of distilled water. The pH of both media was adjusted to approximately 6.0.
Sarcina maxima and S. ventriculi may be differentiated on the basis of fermentation characteristics, such as the production of butyrate by the former organism and the production of ethyl alcohol by the latter (2, 9, 10, 11) .
Morphological differentiation between these two bacteria is not readily achieved since they resemble each other when viewed by light microscopy. The appearance of both organisms is quite characteristic because their cell and packet size is larger than that of other known sarcinae with the possible exception of Thiosarcina rosea and S. methanica. This paper describes the results of a comparative study aimed at demonstrating differences or similarities in the fine structure of S. maxima and of S. ventriculi.
MATERIALS AND MErHODS
Organisms. S California garden soil by a procedure previously described (2) . Both strains produced ethyl alcohol from glucose (5) . Strain AL exhibited a positive reaction indicative of cellulose production, whereas strain CL gave a negative or weakly positive reaction (1, 10) .
Growth conditions. S. maxima was grown in a medium containing the following per 100 ml of distilled water: glucose and peptone, 1.0 g of each; yeast extract, 0.5 g; and L-cysteine hydrochloride, 0.05 g. The growth medium for S. ventriculi consisted of 2 g each of glucose and yeast extract per 100 ml of distilled water. The pH of both media was adjusted to approximately 6.0.
The organisms were grown at 30 C, either in 1-liter Erlenmeyer flasks with 800 ml of medium or in 14-liter fermentor vessels (NBS Microferm Fermentor, model MF-214), each containing 10 liters of medium.
Stock cultures of both S. maxima and S. ventriculi were maintained on the above-mentioned media plus 1.5 g of agar per 100 ml at 30 C by means of the agar depression method (2 (8) . Sections were cut on a Porter-Blum MT-2 ultramicrotome with a diamond knife, were mounted on Formvar-coated 200-or 300-mesh copper grids, and stained with lead hydroxide according to the procedure of Karnovsky (6) .
All samples for electron microscopy were examined in a Philips EM 200 electron microscope equipped with a 30-,u objective aperture operating at 60 kv.
REsuLTs
Intact cells. Phase-contrast microscopy showed that packets of S. ventriculi generally comprise a greater number of cells and are more irregularly constructed than packets of S. maxima ( Fig. 1  and 2 ). However, packet size and shape tend to vary in both sarcinae depending on the strain and on the growth conditions. Only the top layer of cells is clearly evident in Fig. 1 and 2 , but the cubical nature of the packets was readily apparent in wet-mount preparations when water currents caused the packets to rotate on their axes. Many of the cells within the packets in Fig. 1 and 2 were beginning to undergo binary fission, as evidenced by the formation of transverse walls which appeared as lines of decreased density. Packets of S. ventriculi frequently presented a rough and uneven outer surface (Fig. 2) , probably due to peripheral accumulation of cellulose by this organism (1) .
Thin sections of intact cells. The appearance of whole cells in sections ( Fig. 3 to 6 ) confirmed the morphological differences observed with the phase-contrast microscope.
The cytoplasm of both organisms was very dense, presumably the result of the presence of closely packed ribosomes. This tended to obscure the nuclear material which appeared scattered throughout the cytoplasm of the cell.
Cytoplasmic regions of low electron density, with circular profiles and diameters of 400 mju (Fig. 5, 7, 9 ), were observed in S. ventriculi. The low density of these regions suggests that they are the sites of polysaccharide storage granules. These granules did not appear to have limiting membranes and were present with some regularity in cells of S. ventriculi but only occasionally in S. maxima. Smaller granules of similar electron density were observed by R. G. E. Murray and C. F. Robinow (Abstr. Intern. Congr. Microbiol., 7th, p. 427, 1958) in a tetrad-forming coccus and by Thornley, Horne, and Glauert (13) in Micrococcus radiodurans.
The former authors reported that these inclusions contained periodic acid-Schiff-positive material.
Dense bodies, similar in appearance to inclusions which other authors (13) have identified as polymetaphosphate granules, were present in some sections (Fig. 5, 6, 15 ). These bodies probably corresponded to the refractile granules visible by phase-contrast microscopy (Fig. 2) .
As a result of the high density of the cytoplasm, the plasma membrane was only rarely observed. In some sections (Fig. 4, 7, 8) , it appeared as a "unit membrane," 75 to 100 A thick, and was seen at the surface of the cell and at both sides of a developing cross wall (Fig. 4) . The membranous bodies, or mesosomes, which are associated with the plasma membrane of both gram-positive and gram-negative bacteria, were also visible in S. maxima (Fig. 3, 4) . In this organism, these membranous structures were associated with the ingrowing cross walls. Similar structures were scattered throughout the cytoplasm.
The cell wall of both sarcinae was similar in appearance to that of other gram-positive bacteria, except for a thick layer outside the cell wall of S. ventriculi (Fig. 5, 6 ). This outer layer was previously observed in S. ventriculi and was shown to consist of cellulose fibrils (1) .
A cell wall of medium density and measuring 40 m,u in thickness was present at the cell surface of S. maxima (Fig. 3, 4) . In S. ventriculi the cell wall was more difficult to identify owing to the thickness of the cellulose layer. In S. ventriculi CL, which deposits little cellulose at the outer surfaces, a cell wall 40 m,u thick was readily apparent (Fig. 9 ). This strain was found to have many more granules of low electron density scattered throughout the cytoplasm. When S. ventriculi was treated by ballistic disintegration, the cellulose layer became "loosened" and the cell wall was readily observed (Fig. 10) . The surface of both sarcinae presented a fine structure similar to that reported for M. radiodurans (13), with a basic pattern consisting of an array of fibers, where the long axis of the fibers runs perpendicular to the cytoplasmic membrane. The fine structure of the cell wall of S. maxima and of the cellulose layer of S. ventriculi was similar to that of tangential sections through the periphery of M. radiodurans in which there exists a pattern of light "holes" in a roughly hexagonal array (Fig. 7, 8) .
Disrupted cells. After treatment with the Mickle disintegrator, many of the cells were broken and lost most of their cytoplasmic contents (Fig. 10  to 12 ). The packets of S. maxima generally broke into smaller units of one or two cells (Fig. 11, 12 ), whereas S. ventriculi maintained its packet configuration even after the cytoplasmic contents had been removed (Fig. 10) . Thin sections of broken cells showed the plasma membrane still attached to the cell wall of S. maxima ( Fig. 11 to 13 ). In S. ventriculi the plasma membrane has been removed and the outer layer has lost much of its density (Fig. 10) , a possible result of treatment in the disintegrator. Underlying this area of low electron density was a region of high density, 40 m,u thick, which presumably corresponded to the cell wall.
Enzyme digestion of broken cells. Trypsin apparently had little effect on the rigidity of the disrupted cells, and the outlines of the packets were clearly preserved (Fig. 13) . The plasma membrane took on an unusually dense appearance after trypsin treatment. The enzyme usually affected the outer surface of the cell where it caused a general disorganization of the structure.
The entire cell wall was removed by treatment with lysozyme. Some of the disrupted cells lost their rigidity, whereas others retained their original shape (Fig. 14, 15 ). The plasma membrane enclosed a very complex membranous interior.
Carbon replication. Figure 16 is an electron micrograph of a carbon replica of S. maxima. The cells are in a packet configuration of eight cells (only the top four cells are visible), and the surface consists of a nonstriated, smooth structure.
There is no evidence of any fine structure in the outer surface. Surface replication of S. ventriculi (Fig. 17) shows the cells in their configuration of large packets. The outer surface is rough in contour, probably as the result of cellulose deposition.
DISCUSSION
This study of the large sarcinae, S. maxima and S. ventriculi, has shown that the fine structure of the cytoplasm of these two organisms is similar, but that the cell surface and gross morphology are different.
The most obvious structural difference between the two sarcinae is the presence of a thick layer of cellulose deposited on the cell wall of S. ventriculi (1) . In contrast, this layer is not observed on the surface of S. maxima. Packets of S. ventriculi generally include a larger number of cells than those of S. maxima. This difference in packet size may be attributed to the accumulation of cellulose at the cell surface of S. ventriculi. It has been postulated that the polysaccharide has the structural function of binding the cells tightly into large packets (1) . As a result of the tight packing, cells in the large packets of S. ventriculi assume flattened or otherwise irregular shapes, whereas cells of S. maxima maintain a more uniform appearance. Generally, flattening of the cells is not observed in strains of S. ventriculi which produce small amounts of cellulose. In addition, these strains tend to form small, loosely bound packets.
Measurements of whole and sectioned cells indicate that S. maxima (strain 11) exhibits a somewhat larger cell diameter (about 2.5 ,u) than S. ventriculi under the growth conditions described. The cell diameter of S. ventriculi (strains AL and CL) is about 2 ,u, in agreement with measurements reported for another strain (1) . These dimensions are smaller than those reported by Suringar (12) and Smit (10, 11) 
